












httpContralateral hyperacute intracerebral hemorrhage
after carotid artery stenting with contralateral
internal carotid artery occlusion
Hirokazu Takami, MD,a Kazuo Hanakawa, MD,a Hiroaki Sato, MD,b Kyouske Tsutsumi, MD,a
Masahiko Murao, MD,a and Takafumi Ide, MD,a Tokyo, Japan
An 87-year-old man sustained an intracerebral hemorrhage in the watershed area of the contralateral frontal lobe
immediately after carotid artery stenting (CAS) for severe cervical internal carotid artery (ICA) stenosis. The contralateral
cervical ICA was occluded. CAS resulted in increased cross-ﬂow through the anterior communicating artery and increased
ﬂow in the contralateral middle cerebral artery. This case demonstrates that CAS in patients with contralateral ICA
occlusion and insufﬁcient collateral ﬂow can cause dramatically increased collateral ﬂow through the circle of Willis and
result in contralateral hyperperfusion. In patients with severely compromised cerebral perfusion, measures should be
taken to prevent hyperperfusion-related complications. (J Vasc Surg 2014;59:821-4.)Revascularization of carotid artery stenosis results in
hyperperfusion syndrome in rare cases. This is a potentially
devastating complication characterized by seizures, head-
ache, and cerebral hemorrhage.1,2 Pathophysiologically,
hyperperfusion syndrome is caused by a rapid increase in
cerebral blood ﬂow that exceeds the metabolic demands.
Bilateral carotid artery stenosis or occlusion is a hemody-
namically critical state, and revascularization of one carotid
artery may dramatically change the ﬂow dynamics through
the circle of Willis, thereby affecting contralateral cerebral
perfusion.
CASE REPORT
An 87-year-old right-handed man presented after loss of
consciousness for w15 minutes and right-sided limb weakness
and aphasia for w1 hour, suggesting a transient ischemic attack.
He had a history of hypertension, diabetes mellitus, interstitial
lung disease, and chronic heart failure. He was taking two antipla-
telet drugs: aspirin (81 mg daily) and clopidogrel (75 mg daily).
His coagulation parameters and platelet count were within normal
limits.
Angiography showed right cervical internal carotid artery
(ICA) occlusion (Fig 1, A) and severe left cervical ICA stenosis
(Fig 1, B). Collateral blood ﬂow was detected from the right
external carotid artery through both ophthalmic and middle
meningeal arteries to the intracranial ICA (Fig 1, C). There wasthe Department of Neurosurgery, Tokyo Metropolitan Bokutoh
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://dx.doi.org/10.1016/j.jvs.2013.04.051cross-ﬂow through the anterior communicating artery from the
left ICA to the right anterior cerebral artery (Fig 1, D). By criteria
from the North American Symptomatic Carotid Endarterectomy
Trial, the left ICA stenosis was 78%.
During the month before treatment, the patient experienced
two transient ischemic attacks. Because he had many risk factors
for carotid endarterectomy, as deﬁned in the Stenting and Angio-
plasty with Protection in Patients at High-Risk for Endarterectomy
trial, including cardiac and respiratory disease and contralateral
ICA occlusion, carotid artery stenting (CAS) was considered the
most appropriate treatment.
CAS was performed under local anesthesia with mild sedation.
Heparin (4000 IU) was administered preoperatively, resulting in
an increase in the activated clotting time from 140 to 313 seconds.
The left ICA lesion was approached through the left femoral
artery using a 90-cm 8F Brite Tip guiding catheter (Cordis John-
son & Johnson Inc, Miami, Fla) and a 125-cm 6F JB2 CX catheter
(Katex Inc, Tokyo, Japan). The stenosis was crossed with a 190-cm
EZ Filter Wire (Stryker Inc, Kalamazoo, Mich). Predilatation was
performed with a 3.0-  20-mm Sterling balloon (Stryker). A 10-
 31-mm carotid Wallstent Monorail stent (Stryker) was placed,
followed by dilatation using a 4.0-  30-mm Rx Genity balloon
(Kaneka Inc, Tokyo, Japan).
Angiography after stent placement demonstrated nearly total
resolution of the stenosis (Fig 1, F). Cross-ﬂow through the ante-
rior communicating artery increased dramatically, and ﬂow was
observed in the right middle cerebral artery, which was absent
preoperatively (Fig 1, G).
The patient’s systolic blood pressure (SBP) was 165 to 185
mm Hg before CAS. After stent deployment, a nicardipine infu-
sion was started with the aim of keeping SBP <140 mm Hg,
but there was a delay before the drug began to take effect. Fig 2
shows the BP during and after the procedure.
Immediately after the procedure, the patient had no neurologic
deﬁcits or clinical symptoms, and the activated clotting time was
328 seconds. Routine postoperative computed tomography (CT)
at 50 minutes after stent placement showed a small hemorrhagic
lesion in the right frontal lobe (Fig 3, A). Protamine was infused,
and the SBP was carefully maintained at <140 mm Hg.821
Fig 1. Preoperative and intraoperative angiography and magnetic resonance imaging ﬁndings. A, Angiography image
(lateral view) of the right carotid artery bifurcation shows occlusion of the right cervical internal carotid artery (ICA).
B,Angiography image (lateral view) of the left carotid artery bifurcation shows severe stenosis of the ICA. This was a 78%
stenosis according to the criteria of the North American Symptomatic Carotid Endarterectomy Trial. C, Digital
subtraction image (lateral view) of the intracranial circulation during right common carotid artery injection shows blood
ﬂow from the external carotid artery to the cavernous portion of the right ICA through the right middle meningeal artery
and the right ophthalmic artery.D,Digital subtraction image (anteroposterior view) of the intracranial circulation during
left common carotid artery injection shows cross-ﬂow through the anterior communicating artery to the right hemisphere
and perfusion of part of the territory of the right anterior cerebral artery. E, Magnetic resonance angiography image
(inferior view) shows poor ﬂow in the right middle cerebral artery, despite visualization of the posterior communicating
artery. F,Angiography image (lateral view) of the left carotid artery bifurcation after stent placement and dilatation shows
nearly total resolution of the stenosis. G, Digital subtraction image (anteroposterior view) of the intracranial circulation
during left common carotid artery injection shows increased cross-ﬂow through the anterior communicating artery and
increased ﬂow in the right middle cerebral artery.
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consciousness gradually deteriorated, and he developed left hemipa-
resis. A head CT at 3 hours after the previous examination showed
massive expansion of the hematoma (Fig 3,B).He underwent emer-
gency craniotomy for drainage, and almost all of the hematoma was
evacuated (Fig 3, C). The patient’s level of consciousness gradually
increased, and his left hemiparesis improved. His National Institutes
of Health Stroke Scale score was 22 just before the craniotomy,
improved to 11 over a few days, and was 2 after 4 months.
DISCUSSION
Hyperperfusion syndrome is deﬁned as a major increase
in ipsilateral cerebral blood ﬂow beyond the metabolic
demands of the brain tissue after revascularization. Ogasa-
wara et al3 performed a meta-analysis of 4494 patients who
underwent CAS or carotid endarterectomy and found that
1.1% developed hyperperfusion, including 0.7% whodeveloped intracerebral hemorrhage after CAS. Intracere-
bral hemorrhage caused by hyperperfusion occurred
at a mean of 1.7 6 2.1 days postoperatively, with most
occurring #12 hours. The risk factors for hyperperfusion
syndrome included hypertension, poor collateral circula-
tion, and severe ICA stenosis.4,5
Kablak-Ziembicka et al6 studied ﬂow changes using
transcranial Doppler ultrasound imaging. They found
that patients with bilateral ICA stenosis and unilateral
CAS had increased cross-ﬂow through the anterior
communicating artery, resulting in normalization of ﬂow
in the contralateral middle cerebral artery. Reinhard et al7
reported that cerebral autoregulation and vasodilatory
reserve were impaired in patients with bilateral critical
carotid artery stenosis or occlusion.
In the current patient, the right cervical ICA was
occluded. The right hemisphere was perfused by the right
Fig 2. Graph shows systolic and diastolic blood pressure (BP) during and after the stenting procedure. CT, Computed
tomography; ICU, intensive care unit.
Fig 3. A, Axial computed tomography (CT) image at 50 minutes after stent deployment shows a small amount of
hemorrhage in the right frontal lobe near the cortex. B, Axial CT image at 3 hours after the previous examination shows
extension of the hematoma to a maximum diameter of 61 mm. C, Axial CT image after craniotomy shows almost all of
the hematoma was evacuated.
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ophthalmic artery collaterals, cross-ﬂow through the
anterior communicating artery from the stenotic left ICA,
and the right posterior communicating artery from the
posterior circulation (Fig 1, C-E). Considering the poor
visualization of the vessels of the anterior circulation on
magnetic resonance angiography and the collateral ﬂow
through the external carotid artery observed on angiog-
raphy, we speculate that right hemisphere perfusion was
inadequate despite the collateral ﬂow through the anterior
and posterior communicating arteries. The absence of
sufﬁcient perfusion would have critically impaired the
cerebral autoregulation and vasodilatory reserve of the
right hemisphere.
The hemorrhagic area was at the watershed between
the perfusion territories of the anterior and middle cerebral
arteries. After revascularization of the left ICA, this area
with poor perfusion might have been the most vulnerable
to an abrupt increase in blood ﬂow.
Although contralateral intracerebral hemorrhage after
CAS is unpredictable, the patients at highest risk can beidentiﬁed and preventive measures adopted. The results
of previous studies suggest that patients with preoperative
hemodynamic impairment are at risk of developing hyper-
perfusion.2,8,9 Preoperative single-photon emission CT
with acetazolamide loading shows the hemodynamic
features based on cerebral blood ﬂow, blood volume, and
vascular reserve capacity, making it possible to screen
for high-risk patients with severely impaired cerebral autor-
egulation.10-12
Strict control of BP in the postoperative period can
prevent cerebral hemorrhage after carotid revasculariza-
tion, and currently, there are few other effective treat-
ments.2,3,13,14 The SBP was lower in our patient after
stent placement than before because of the nicardipine
infusion, but control of SBP during and after the procedure
might not have been sufﬁcient to protect the cerebrum,
which had been severely underperfused. In patients at
high risk of postoperative hyperperfusion, rigorous BP
control during and immediately after the procedure is of
utmost importance to decrease the likelihood of this
complication.
JOURNAL OF VASCULAR SURGERY
824 Takami et al March 2014CONCLUSIONS
Hyperperfusion syndrome with intracerebral hemor-
rhage after carotid revascularization is a rare but serious
complication. Severe ICA stenosis in the setting of contra-
lateral ICA occlusion critically impairs cerebral blood ﬂow
and autoregulation. Most importantly, strict control of
BP should be instituted during and after revascularization
to minimize the effects of a sudden increase in blood
ﬂow, which might exceed the compensatory capacity of
the cerebral microcirculation.
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